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This  International  symposium  focused  on  the  nonlinear  optical  properties 
of  organic  molecules  and  conjugated  polymers,  an  exciting  area  of  research 
clearly  at  the  fore  front  because  of  the  tremendous  Interest  In  optical  signal 
processing  and  optical  computing.  This  multidisciplinary  symposium  had 
participation  from  theoretical,  physical  and  synthetic  chemists,  physicists 
and  device  engineers.  It  provided  a  forum  for  people  from  different 
backgrounds  to  Interface  their  findings,  to  review  the  status  of  this  area 
from  microscopic  understanding  at  one  end,  to  device  fabrication  at  the  other 
end,  and  to  formulate  future  directions.  1  '  ;  <^- - 

The  symposium  highlighted,  large  nonresonant  nonlinear  optical  effects  In 
organic  systems,  subpicosecond  response  times  of  their  optical  nonlinearity 
(both  derived  from  7r  -electron  Interactions),  high  optical  damage  threshold, 
and  molecular  engineering  of  novel  structures  and  molecular  assemblies  for 
enhancing  optical  nonlinearity.  Reported  work  on  molecular  engineering  dealt 
with  films  and  fibers,  synthesis  of  new  materials,  langmulr-Blodgett  films, 
and  electric  field  poled  molecular  assemblies. 

Theoretical  studies  dealt  with  both  nonlinear  optical  properties  and 
electrical  conductivity  In  extended  7r  -electron  systems.  Several  studies 
Included  semlemplrlcal  calculations  of  molecular  hyperpolarlzabllltles,  both  ^ 
amd  T  . 
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This  international  symposium  focused  on  the  nonlinear 
optical  properties  of  organic  molecules  and  conjugated  polymers, 
an  exciting  area  of  research  clearly  at  the  fore  front  because  of 
the  tremendous  interest  in  optical  signal  processing  and  optical 
computing.  This  multidisciplinary  symposium  had  participation 
from  theoretical,  physical  and  synthetic  chemists,  physicists  and 
device  engineers.  It  provided  a  forum  for  people  from  different 
backgrounds  to  interface  their  findings,  to  review  the  status  of 
this  area  from  microscopic  understanding  at  one  end,  to  device 
fabrication  at  the  other  end,  and  to  formulate  future  directions. 

The  symposium  highlighted,  large  nonresonant  nonlinear 
optical  effects  in  organic  systems,  subpicosecond  response  times 
of  their  optical  nonlinearity  (both  derived  from  Tf  -electron 
interactions),  high  optical  damage  threshold,  and  molecular 
engineering  of  novel  structures  and  molecular  assemblies  for 
enhancing  optical  nonlinearity.  Reported  work  on  molecular 
engineering  dealt  with  films  and  fibers,  synthesis  of  new 
materials,  Langmuir-Blodgett  films,  and  electric  field  poled 
molecular  assemblies. 

Theoretical  studies  dealt  with  both  nonlinear  optical 
properties  and  electrical  conductivity  in  extended  It' -electron 
systems.  Several  studies  included  semiempirical  calculations  of 
molecular  hyperpolarizabilities,  both  &  and  Y  . 

Copies  of  the  abstracts  of  the  talks  presented  in 
chronological  order  are  enclosed.  This  symposium  was  very  well 
attended  and  produced  lively  discussions  on  technical  matters. 


[^L“WbT.  w-  rwi  nr>  1 


•  mu  afydnocm  -  ncnoM  a  -  eynpomoh  m  euctroactive 

fOLTMOLS  -  CMPONMRID  WITH  THE  DIVISION  Of  POUND  CHDlISTtY 
(OjnUTOID)  -  D.E.  Ulrich,  Presidios 


».  BJCTHOACTIVI  POLYMERS  —  AN  OVERVIEW. 

D.E.  Ulrich. 

giNtnet  sot  inllibl>  at  ties  of  pubUcitlm. ) 


11.  I0NL1NEAI  OPTICS:  ORGANIC  AMD  FOLYNEE  SYSTIMS.  A.  P.  Carlto.  Departeant  of 
Pbysles,  University  of  Pennsylvania,  Philadelphia,  PA  19104. 

Organic  and  polyear  structures  axhibic  unusually  large,  ultrafaac  aacond  and  third 
aciar  nonlinear  optical  propartlaa  that  ara  important  to  the  flalda  of  nonllnaar  optica 
ai  optical  device  tachnologlaa.  Thaaa  propartlaa  have  bean  daoonatratad  In  a  larga 
HaOar  of  structures,  phaaaa  and  atataa  that  include  organic  crystals  and  files,  con- 
jagatad  polymers,  aonoaoleculer  filaa,  liquid  cryecels,  liquid  crystal  polymara,  polyoar 
(laaaaa,  and,  more  racantly,  high  performance  ordarad  polymers.  Significant  advances  in 
Maaantal  undaratandlng  ha*a  baan  acblaaad  through  azpariaantal  and  tbaoratlcal 
Kdltt  of  important  electronic  mechanises  raaponaibla  for  thaaa  nonllnaar  optical  re- 
qoaaaa,  oapacially  the  prlaary  role  of  highly  charge  correlated  *-electron  excited 
autee.  The  raaulta  of  thaaa  etudlea  trill  be  reviewed  by  proceeding  froa  ordarad  to 
partially  ordarad  aaeeabllaa  of  conjugated  aolecular  and  polymer  ayataaa  that  ara  da- 
fiaai  by  thair  raapectlva  orientational  dletrlbutlon  functiona. 


12.  DESIGN,  ULTIASTWJCTUtE.  AMD  DYNAMICS  OP  NONUNLAI  OPTICAL  EFFECTS  IN  FOLfHEXIC 
THIN  FILMS;  P.  H.  Praaad,  Department  of  Cbaaiatry,  State  Unlvaralty  of  New  York 
at  buffalo,  Buffalo,  Now  York  14214. 


I 


Thle  talk  trill  cover  three  aepacta  of  ay  reaearch  program  at  Duffalo:  (1)  Daalgn 
d  the  filaa  of  organic  aMcroaolaeular  ayataaa  rich  in  x-alactrona.  Molecular  aanlpula- 
tiaa  la  maad  to  control  chealcal  daalgn,  ultraatructura,  nixed  phaee  fabrication  and  the 
film  thlcknaea.  Interfacial  proceaaea  auch  aa  Lan gnu lr-Bl edge tt  aathod,  electrochemical 
ptlynarlaatlon  and  gaa-eolld  interface  reactlona  ara  uaed  to  fabricate  fllma  of  thlck- 
■aa  froa  aomoaolecular  to  aevaral  ale rone .  (11)  Dltraatructure  of  thaaa  filaa.  He  In¬ 

stigate  chealcal  atructura,  conformation  and  domain  atructura  by  a  variety  of  apectro- 
■aplc  tachnlquae  eultable  for  thin  filaa.  (ill)  Nonlinear  optical  lnteractlone .  Re¬ 
alm  mill  be  preaantad  froa  our  plcoaacond  and  aubplcoeecond  four  wave  aiming  experl- 
■eta  to  dlacuaa  the  nature  of  third-order  nonlinear  optical  proceaaea  In  thaaa  thin 
<Uaa.  Surface  plaaaon  coupling  and  optical  wave  guiding  have  bean  uaad  to  lnvaetlgatt 
■allaearltiae  of  aonolayar  and  multilayer  filaa.  Device  concapte  baaed  on  nonlinear 
N^ertlaa  of  polymer  filaa  will  alao  be  praeontad. 


U'  NON  LINED  ORfiANIC  CRYSTALS  FOR  PARAMETRIC  ADUFICATION  AND 
SANPLIN6  7ECTR0SC0PY  (PASS) 

I.  LE00UX,  J.  MOW,  J.L.  OUDAR  and  J.  IYSS 
CNET  -  196  Av.  Hand  Ravtra  92220  RAfiNEUX-rRANCE 
D.  HULIN,  A.  NIflUS  And  A.  AKTONETTI,  ERSTA  91120  PALAISEAU -FRANCE 

_  A  earn  technique  ft  presented  for  tha  su  (picosecond  tabling  and  ptrmetrlc 
Dlflcetton  of  aook  infra  rad  (from  0,9  to  1.4  ,*)  lmrlnescanc*  signal »•  It 
on  the  availability  of  aa  offtcloNt  aanlimaar  erganlc  crystal  such  as  t*>P 

(N-(4-nftropho«v1)-(L)-pro1inol).  A  CPN  laser  (100  ft  Airatlon  tt  (20  no,  1  at)  per 
paisa)  triggers  through  l.S  aa  of  DP  a  gain  of  10*.  The  ultrefast  mpllflcatlon 
explores  In  tiae  the  fiNHnescence  Miration  at  •  given  wavelength.  Phase  and  group, 
velocity  Matching  In  DP  together  with  fts  d  coefficient  (200.10’’  e.s.u.) 
occount  for  Its  offlctoncy.  PASS  Is  dDon»tratedJ,ti»  various  soaiconductor  tootles 
and  a  nan  I.t.  source  aadt  of  a  CPN  laser  puDOd  continuum  anftting  water  call  and 
9m  DP  crystals  Is  shewn  to  aait  powerful  tunable  tuhpicotecond  pulses. 


14. 


electric-field  poling  of  nonlinear  optical  polymers,  c.  s.  willand. 
8.  E.  Path,  M.  Scoxiafava,  D.  J.  William,  Corporate  Research 
Laboratories ,  Eastman  Kodak  Company,  Rochester,  Now  York  146S0, 

G.  D.  Graen,  J.  1.  Neinahenk,  H.  X.  Rail,  J.  E.  Mulvenay,  Department 
of  Chemistry,  Unlvaralty  of  Arizona,  Tucson,  AZ  8S721 


It  la  wall  known  that  conjugated  organic  systems  often  display  large 
molecular  eaoond-ordmr  hyperpolarixabllitios.  Currently  there  is  only 
liaitod  use  of  these  ayataaa  in  devices  based  on  second-order  nonlinear 
optical  affects  as  the  materials  ara  required  to  bo  noncontrosyametric. 
Various  methods  ara  being  explored  for  producing  acentric  materials. 

Among  thaaa,  electric-field  poling  of  nonlinear  optically  active  molecules 
contained  In  a  boat  aadium  has  baan  shewn  to  produce  substantial  macro¬ 
scopic  nonlinaaritiea.  This  talk  will  focus  on  the  role  of  polymers  in 
enhancing  molecular  alignment  in  electric  fields.  Raaulta  from  solution 
second-harmonic  generation  measurements  using  modal  monomer  and  polymr 
systems  will  be  dlacuaaed. 
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A  TOTS  DAT  MOWING  -  MOTION  A  -  SYMPOSIUM  ON  RLECTROACTIVE 

FOLTKOLS  -  COSPONSORED  WITH  THE  DIVISION  OF  POLYMER  CHEMISTRY 
(OONTOrOP)  -  D.  Willi,  see,  Presiding 


M.  FREQUENCY  AND  TEMPERATURE  VARIATION  OF  CUBIC  SUSCEPTIBILITY  IN 
POLYDIACETYLENES.  P-A.  Choiiet,  F.  Kajzar,  3.  Messier  -  CEA/IRDI 
CENJACLAY  -  DEIN/LERA  -  *11*1  Glf-eur- Yvette  Cede*  -  France 

Poiydiacaty  lanes  arc  known  to  exhibit  l*r ft  polarizabilities  enhanced  by  one  dimensional 
w  eiactron  delocalisation  and  excitonic  character  of  electronic  excitation.  Third  harmonic  fens, 
ration  (THC)  and  electric  field  induced  second  harmonic  feneration  (EFISHC)  experiments  have  been 
carried  out  on  polymer  thin  films  prepared  by  different  techniques  (Langmuir -Blodgett,  dipping  out 
from  polymer  solutions,  vacuun  deposition)  and  having  different  conjugation  length,  at  variable 
Incident  photon  energy  and  temperature.  Two  and  three  photon  resonance  enhancement  in  THC  and 
two  photon  resonance  on  even  and  odd  parity  levels  in  ErlSHG  are  observed  in  near  IR.  Their  origin 
and  potable  practical  repercussion  will  be  discussed.  A  well  pronounced  dependence  of  cubic 
susceptibility  with  conjugation  length  is  observed.  The  excitonic  character  of  cubic  hyperpolsr i- 
sability  is  studied  by  THC  measurements  in  function  of  temperature.  Internal  polarization  it 
measured  by  EFISHC. 


»9.  PW1CEKZK)  EOWASING  IN  A  PtXYDLXCIinTfNE  FILM  MEASURES  BY  DEGENERATE  FOUR-HAVE 
MIXING  WITH  DtCCHBONT  NMCSBCDC  LASER.  T.  Kobavaahl  and  T.  Hsttcri,  Department 
at  Physics,  university  at  Tbkyo,  Hotgo,  Tokyo  113,  Japan 

There  lies  bean  ouch  interest  in  the  dynamical  properties  of  excited  states  in 
pel ydiaoety lanes  (PDA's).  The  daphasing  tine  (Tj)  in  PDA's  has  beat  studied  by  several 
grave,  but  they  could  not  resolve  Tj.  Me  could  for  the  first  tine  resolve  the 
dophestnq  time  in  a  RR  (poly-3BO*J)  film.  It  tea  bean  shown  that  one  can  obtain  very 
Wort  resolution  tins  by  using  broad -band  (incoherent)  light  in  dephasing  measurements 
by  degenerate  four -wave  mixing  (ETHM).  In  our  experiment,  a  broad-bend  dye  laser  ptaapad 
by  a  Mg  laser  was  used  for  the  incoherent  light  source,  and  EFWM  signals  diffracted  in 
two  directions  ware  siaultanecusly  detected  to  obtain  resolution  rinse  shorter  than  the 
correlation  tine  (about  100  fa)  of  the  incoherent  light.  with  the  obaarved  peak 
shifts,  30  and  90  fa  at  646  and  583  no  respectively,  daphasing  times  are  calculated  to 
be  30  fa  at  648  ns  and  130  fs  at  583  nm.  The  eechaniao  which  gives  the  difference  in 
daphasing  tines  will  be  dl  an  need 


70.  STUDIES  OF  M0M0MZX  AND  FOLTKEJt  MONOLAYERS  US  INC  OFT  I  CAL  SECOND  AND  THIRD  HARMONIC 
GENERATION,  C.  Rarhovic  and  T.  R.  Shan.  Dspnrtaant  of  Fhyslcs,  University  of 
California,  Canter  fox  Advanced  Nett riel*.  Lawrence  Berkeley  Laboratory,  Berkeley, 
California  94720. 

Optical  second  harmonic  generation  (SBC)  in  a  highly  surface  sensitive  technique 
for  studying  ultrachin  molecular  layers.  He  have  used  this  technique  to  study  mono- 
lays re  of  varloua  organic  monomers  and  chair  corresponding  polymers  spread  gt  eir/veter 

Interfaces.  The  RNC  from  e  water  surface  covered  with  a  monolayer  of  vinyl  stearate  (ot 
octsdecyl  methacrylate)  wee  such  larger  than  that  from  a  pure  water  surface.  After  the 
nonolaytr  we*  polymerised  by  uv  Irradiation,  the  SHG  decreaaed  to  a  value  Identical  with 
that  obtained  from  a  monolayer  of  authentic  (bulk  polymerised)  polymer  on  water.  In 
collaboration  with  F.  N.  Frssad,  monolayer  polymerisation  of  dlacstylsnss  was  also 
studied  by  SBC.  as  wall  as  by  third  harmonic  generation  (THC).  Although  THC.  unlike 
SBC.  is  not  a  aurfac*  specific  probe,  the  extremely  high  third  order  nonlinearity  of 
polydlacetylenee  he*  enabled  ue  to  observe  for  the  first  claw  THC  from  a  single  mono¬ 
layer.  Method*  of  calculating  molacular  nonllnaar  coefficient*  from  monolayer  SHC  will 
be  discussed.  This  work  eupportad  by  DOE  under  Contract  No.  DE-AC03-765F00098. 


71.  DEVELOPMENT  OF  POLYMERIC  NONLINEAR  OPTICAL  MATERIALS.  R.N.  DmMartino. 

E.M.  (Slow,  D.  Haas,  G.  Khanarian,  T.  Laalin,  G.  Nelson,  J.  Stamatoff, 

D.  Stumtz,  C.C.  Tong,  B.N.  Yoon.Calancs*  lea. Co., 86  Morris  Ave. .(in— 1 1  NJ  07901. 

Currently  available  materials  for  NLO  applications,  such  ae  optical 
wdulation,  routing,  and  amplification,  lack  many  of  the  critical  require- 
aeats  for  true  industrial  implementation .  Inorganic  and  organic  single 
crystal*  are  difficult  to  grow,  expensive,  and  ere  not  capable  of  fabri¬ 
cation  into  intricate  parts.  Polymeric  materials,  on  the  other  hand,  can 
be  manipulated  into  the  desired  orientation  neeeseary  for  second  or  third 
order  activity,  fabricated  into  the  desired  shape,  and  tha  resultant 
structure  frozen  into  place  by  cooling  to  room  tae^arature  (below  Tg)  . 
Structure-property  relationship  studies  on  a  large  number  of  email  mole¬ 
cule  organics  have  been  conducted.  The  compounds  with  the  highest  mole¬ 
cular  activity,  B,  were  incorporated  into  polymeric  structures  to  achieve 
aetarials  with  high  second  order  susceptibility .  These  NLO  polymer*  can 
bow  be  fabricated  into  the  desired  orientation  and  ehap*  for  subsequent 
utilization  in  e  variety  of  devioe  applications. 


A  TUESDAY  AFTERNOON  -  SECTION  A  -  SYMPOSIUM  ON  ELECTROACTIVE  POLYMERS 
W  -  COSPONSORED  WITH  THE  DIVISION  OP  POLYMER  CHEMISTRY  (CONTINUED)  - 
H.T.  Kin*,  Presiding 


*A.  THEORETICAL  STUDIES  OF  ELECTRONIC  STATES  AND  DEFECTS  IN  CONJUGATED 
POLYMERS,  Robert  Silbey,  Department  of  Chemistry  and  Center  for 
Material*  Science  and  Engineering,  Massachusetts  Institute  of  Technology, 
Cambridge,  MA  02139. 

Me  present  semiempirical  calculations  of  the  electronic  structure  of 
conjugated  polymers,  such  as  the  polydiacetylenes  and  polyaniline,  in 
order  to  discuss  the  conductivity  and  optical  properties  of  these  system. 

I  He  will  assess  the  role  of  defects  in  these  systems. 

t 
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85.  ELECTRONIC  TRANSPORT  IN  DISORDERED  POLYMERIC  FILMS 

»  H  Schei.  Standard  Oil  RAD  Center.  8440  Warrensville  Center  Road. 

[  Cleveland.  Ohio  44128 


The  study  of  electronic  transport  in  a  well  investigated  photoconducting 
polymer  system  has  been  revisited  Photocurrents  in  polyvinylcarbarzoie  (PVK)  were 
studied  over  10  decades  in  time.  An  analytical  approach  is  proposed  for  extracting 
rate  distributions  from  the  measured  photocurrents  which  is  completely  general  We 
find,  that  the  trapping  rat*  distribution  is  not  exponential  but  'flat'  and  that  it 
shows  a  cutoff  at  low  rates.  This  distribution  gives  rise  to  the  novel  feature  of  a 
gradual  transition  from  dispersive  to  non-diipefsiv*  charge  transport  during  a  single 
transit.  The  temperature-  and  field  dependence  of  the  cutoff  rite  r  eras  studied  in 
the  framework  of  a  Pooie-Franke!  model  W*  discuss  the  generality  of  the  results, 
resolution  limitation  of  our  analytic  approach,  the  importance  of  measuring  over  many 
decades,  and  an  interpretation  of  the  mobility  mechanism. 


£8«&TI^  . °^T^!IT^?n^TBnPv.?S?^UCA^?nc,ton 

N..T.  08544,  K.S.  Schweizer,  Sandla  National  Laboratorlea ,  Albuq., 

N.M.  87185 

Both  polydlacety lanes  (PDAs)  and  polysl lanes  undergo  rod-to-coil  tran¬ 
sitions  that  blue  ahlft  and  broaden  their  lowest  optical  absorption.  Such 
conformational  affects  are  conventionally  interpreted  aa  breaks  in  the 

conjugation  patn  that  result  in  shorter  segment*  with  higher-energy 
absorptions.  He  demonstrate  blue  shifts  in  the  opposite  limit,  when  con¬ 
jugation  cnanges  are  neglected  entirely,  arising  from  conformational  con¬ 
tributions  to  the  transition  moment.  The  total  intensity  satisfies  a  sum 
rule,  is  snarply  peaked  at  the  band  gap  for  a  rod,  and  is  bli*  shifted  In 
the  coil  on  relaxing  crystal  selection  ruleu  in  a  wormlike  polymer  with 
persistence  length  (2»)-l.  Similar  effects  are  attributed  to  the  crystal- 
live  and  amorphous  regions  of  polvscetylene  (PA).  The  correlation  depend- 
tnce  of  the  abaorptlon  is  considered  in  the  exciton  and  electron-hole 
limits.  At  least  part  of  the  observed  blu*  shifts  have  a  simple  conform¬ 
ational  origin  for  persistence  lengths  of  o-lO  bonds. 


■  17.  EXCITATIONS  IN  CONJUGATED  POLYMERS,  E.J.  Mele  and  G.W.  Hayden, 

K  Department  of  Phyaica,  Univareity  of  Pennaylvania,  Philadelphia,  PA  19104 

p  A  Hubbard-Peierl a  Hamiltonian  la  applied  to  study  the  spectrum  of 

P  self  localized  excited  atatei  for  aevaral  model  conjugated  polymer*.  We 

c  employ  a  numerical  renormalization  group  method  to  study  correlation  ef- 

■  feet*  in  finite  polyenes  of  intermediate  length,  and  *  more  approximate 

i  configuration  interaction  scheme  to  extrapolate  the  results  to  longer 

aysteas.  We  find  that  a  highly  correlated  even  parity  singlet  excited 
state  coapetes  with  an  odd  parity  singlet  excitation  as  the  lowest  singlet 
excitation,  in  agreement  with  various  studies  on  tha  Pariaar-Parr-Pople 
aodel.  Tha  lowest  lying  excitations  in  the  model  are  identified  a*  triplet 
excitation*.  Self  consistently  relaxed  lattice  configuration*  surrounding 
(  ,  thee#  electronic  excitation*  are  studied.  Here  we  find  a  relaxation  of  the 

odd  parity  excited  ainglet  into  solitona  in  the  bond  alternation  field,  a* 
veil  a*  a  similar  relaxation  for  the  even  parity  excited  atat*  singlet.  We 
demonstrate  that  correlation*  in  the  pretence  of  the  short  range  repulsive 
potential  provides  a  mechanism  for  the  production  of  long  lived  spin  n 
neutral  excitations  for  degenerate  ground  state  systems  and  spin  1  neutral 
excitations  for  nondegenerate  ground  state  polymers. 
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1)4.  SOLUBLE  HETEFOAROWIC  LACCtK  PCUJERE :  POAJOC  AMD  ELECTRK3AL  CCtOUCTTVITY. 

L.  R.  Dal  ton,  J.  Ttvnaon,  C.  L.  Young,  L.  P.  Yu,  P.  H.  Bryacn,  and  R.  Itontogaiary, 
agjsument  of  Oaraatry,  university  of  Southern  California,  Lea  Angelas,  ».  90089-0462. 

Bateroeroiatic  ladder  polymer*  of  rynmetry  (i.e.,  tfv*>  )  sufficiently  high  to 
^giart  polarcns  have  bean  synthesized  by  oondenaation  reaction*  eeplcying  noncmer*  deri- 
totized  with  verioua  (including  flexible  chain)  substituent*.  Not  only  ere  the  raeiilting 
polymer*  aoluble  in  oonventional  advent*  but  paramagnetic  apaciea  are  nhmarvmd  to  be 
highly  a  table;  and  for  ahorter  polymer  aecynents,  prepared  by  sequential  aynthaai*  tech¬ 
niques,  resolved  hyperfine  interaction*  are  observed  in  the  conventional  epr  spectra. 

Spin  density  distributions  have  bean  defined  by  analysis  of  the  EPR  spectra  and  by  EK3CR 
■aauranents.  Preparation  of  aoluble  polymers  of  defined  chain  length  has  permitted 
evaluation  of  the  dependence  of  electron  delocalization  upon  chain  length  tdiich  in  dm 
provides  insight  into  electrical  conductivity  and  nonlinear  optical  activity  in  these 
arterial*.  Xnstrinsic  electrical  conductivity  neasurwnanta  have  bean  correlated  with 
■enirm m  a  of  the  optical  gap  for  both  aolution  and  film  aanplaa.  Cyclic  \roltammetry 
in  mm  it*  have  been  executed  tt  define  rati  rtef  inn/ reiYirt  ion  potentials.  Experimental 
parameters  are  correlated  with  theory. 


1)1.  TRANSPORT  MODES  OP  POLY  ACETYLENE:  INSIGHTS  PROM  MAGNETIC  RESONANCE 

experiments,  m  Thnexnn  and  H.  Jin,  E**on  Rttetrch  and  Engineering,  Route 
22E,  Annandale,  NJ  00801;  6.  L.  laker,  tell  Coaaunlcatlons  Research,  331 
■mm  Springs  Road.  Red  Rank,  NJ  07701;  E.  Mustedt  and  I.  N.  loblason,  Department 
•(  Chealstry,  University  of  Washington,  Soettlo,  WA  9*195 

Rignetlc  resonance  has  played  •  major  role  In  probing  tolltoe  dynamic*  In  (CM),, 
••fortunately.  a  plethora  of  often  conflicting  conclusions  havo  been  reported  for 
■•th  the  aagnltude  and  teaperiture  dependence  ef  the  dlffesloa  rate  as  well  as  for 
t*a  1-0  cohoronce  length.  One  difficulty  has  been  the  Intractable  end  disordered 
meter*  of  (CM),  prepared  according  to  tha  standard  Shlrakawa  procedure.  Me  have 
addressed  this  p rob lea  ay  performing  e  variety  of  key  Magnetic  resonance  experlaonts 
an  a  now  fora  of  tranx-fCM),  containing  an  order  of  aagnltuda  fewer  *p1ns.  Using 
this  aaterlal  It  Is  possible  to  dlscrlalnete  between  the  relative  contributions  of 
(pin  dynaalcs  and  spdtltl  diffusion  that  havo  coapllctted  the  Interpretation  of 
aMnetlc  resonance  experlaonts.  We  find  that  previous  estlaetes  for  both  the 

ea -chain  diffusion  rata  and  1-0  coherent*  length  have  been  drastically 

oeerast lasted.  The  lapllcetlens  of  those  now  findings  on  transport  aodtls  of 
polyacetylone  will  bo  discussed. 


132.  ELECTRONIC  STRUCTURE  OF  POLYPHENYLENE  YINYLENE.  F.E.  Karest.  R.W.  Lenz, 

and  0.  Obrzut,  Dept,  of  Polyaer  Science,  University  of  Nesstchusetts,  Aaherst, 

HA  01003 

The  electronic  ipoctrua  of  thin  files  of  undoped  PPV  shows  three  absorption  binds 
with  asslas  at  6.12  *V,  5.36  *V  and  3.09  eV.  The  first  two  are  related  to  localized 
aolecular  states,  and  the  broad  bend  at  3.09  eV  Is  related  to  exclton  action  in  the 
periodic  structure  of  the  PPV  chain.  Th*  3.069  *V  energy  for  th#  lowest  transition  In 
PPV  calculated  by  using  an  electronic  vibrational  oiclton  model  Is  In  good  agreement 
with  the  observed  3.01  eV  polyaer  bend.  Th*  vlbretlonally  coupled  exclton  Is  also  evi¬ 
dent  from  the  sharpening  of  the  polyaer  bend  observed  at  77k.  The  spectrum  of 
elect rechoal cal ly  doped  file  shows  two  additional  absorption  bends  at  0.80  *v  end  2.1 
#V  associated  with  «  dl-citlon  delocalized  over  approximately  four  polyaer  units  and 
surrounded  altomately  by  neutral  altos.  Since  th*  dl-catlon  has  a  qulnold  structure 
the  original  PPV  periodicity  Is  broken  and  the  exclton  aotlon  cannot  be  characterized 
by  the  PPV  save  vector.  As  a  reault  th*  polyaer  bond  selectively  decays  with  the 
appoeranc*  of  th*  two  lowest  electronic  transitions  from  doubly  charged  sites. 


133.  TOWARD  NEW  ELECTRONIC  STRUCTURES  IN  CRT ST ALLOGRAPH I CALLT  ORDERED  ELECTROACTIVE 
CONJUGATED  POLYMERS  D.J.  Sandman .  CTE  Laboratories  locorporatsd,  40  Sylvan  Road 
Halthsa,  HA  02234  sad  M.T.  Jonsa,  bspsrtaant  of  Chemiatry,  Univaraity  of  Mlaaouri- 
•t.  Louis,  St.  Louis,  HO  63121 

Th*  polydlscsty Isos* (PDA) ,  a  class  of  sloctrosctlve  moterlsl*  which  aro  fully 
ordered  cryttallographieelly ,  have  attracted  Interact  In  racant  years  du*  to  report*  of 
high  vwloas  of  carrier  mobility  and  third  order  nonlinear  susceptibility.  The  letter 
or*  accompanied  by  etibpleoaecood  reepone*  times  at  of f-raaonanc*  wavelength*.  PDA  say 
aloe  serve  **  sources  of  other  type*  of  delocaliied  electronic  etructuree.  The  eyntbeala 
of  a  erystallogreohlcally  ordered  mixed  pelyaettyl*n*(  fAOCA-ROCB)  ),  where  A-  N- 
earbosolyl  and  Mr.  ho*  been  achieved  via  th*  solid  state  reaction  8f  poly-1 ,6-di-N- 
carbsaoly 1-2 ,4-N  seed  lye* (PCH)  sod  bromine.  Tb*  reactivity  of  poly-1 , 1 ' ,6. 6'-tstrsphesyl- 
heudlymedlaalaeCTHD)  Is  compared  to  that  of  poly-DCH,  and  th*  as|netlc  properties  of 
tha  r see  1 tent  materials,  sa  studied  by  static  suscsptlblllty  and  slsctruu  spin  resonance, 
are  contrasted .  The  role*  ef  side  chain  snsrgy  level*  sod  conjugation  defoct*  are 
discs seed  la  relation  to  tb*  reactivity  of  poly-DCH  and  -TRD  and  tb*  propertiei  of  th* 
imoultaot  me tor la Is. 
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166.  SIDE  CHAIN  LIQUID  CRYSTALLINE  COPOLYMERS  FOR  NLO  RESPONSE,  Ante  la  C.  Griffin  and 
Aaj ad  M.  Ihatti,  Departaants  of  Chemistry  (  Polymer  Science,  University  of 
Southern  Mississippi,  Hattieiburt,  MS  39406.  Sox  MAI,  Southern  Sta. 

Side  chain  liquid  cryitalline  polyaer*  are  attractive  candidate  materials  for  non¬ 
linear  optical  response.  In  an  attenpt  to  obtain  such  polymers  exhibiting  highly  non¬ 
linear  behavior  ae  have  synthesised  several  polyacrylate  tide  chain  polymers  in  which 
the  pendent  nlo/nesogenic  moiety  is  designed  to  (ive  a  large  change  in  dipole  nonert 
upon  qp -excitation.  In  particular  we  have  used  copolymers  in  which  one  comonomer  con¬ 
tains  a  chiral  unit  while  the  other  comonomer  contains  the  nonlinear  optical  chronophore. 
Design,  synthesis  and  characterization  of  the  monomers  will  be  described  along  with  the 
details  of  polymerization.  In  addition  the  liquid  crystalline  properties  of  the  polymers 
will  be  described. 

This  work  was  siqtported  by  the  Air  Force  Office  of  Scientific  Research  (AFOSR-S4-0249) . 

167.  AROMATIC  HETEROCYCLIC  LIQUID  CRYSTALLINE  POLYMERS:  SYNTHESIS,  PROPERTIES,  AND 
USE  IN  ELECTROOPTICS.  Steven  P.  lltlar.  James  P.  Wolfe,  SRI  International,  333 
Rawanswood  Avenue,  Menlo  Park,  CA  94025 

Organic  materials  offer  major  advantages  over  inorganic  materials  in  the  field  of 
electrooptlcs  by  exhibiting  an  increase  in  processability ,  fabrication,  responae  time, 
damage  threshold,  and  aonrasonant  susceptibility.  We  are  synthesising  materials  baaed 
on  poly(p-phanylenabansobiathlaaole)  (PST)  or  poly(p-pbenylenebenzobleoxaaole)  (PRO) 
that  will  be  useful  la  either  second  order  processes  (noncentroayametrlc  structures)  or 
third  order  proceaaea  (highly  eoajugatad  atructurea).  The  subject  polymers  are  prepared 
as  a  liquid  crystalline  solution  and  are  ideal  candidates  for  use  in  electrooptlcs 
because  of  unaaturatad  backbones  and  high  dagraaa  of  molecular  alignment.  The  synthesis 
and  character last ion  of  modal  coapotnds,  oligomers,  and  polymers  will  be  discussed 
along  with  physical  measurements  relating  them  directly  to  other  electrooptic  materials. 

166.  SYNTHESIS  OF  ELECTROACTIVE  POLYMERS,  F.  Mud).  Y.  Ikenoue  and  A.  Pnt.il,  Imtitute 
for  Polymers  and  Organic  Solids  and  Department  of  Physics,  University  of 
California,  Santa  Barbara,  CA  93106 

At  this  symposiun  talk,  we  will  present  our  latest  results  on  the  smallest  bandgap 
conducting  polymers  syntehsized  to  date  (0.6  eV).  He  will  also  prestnt  our  latest  re¬ 
sults  on  our  soluble,  processable  conducting  poljmiers  based  on  substituted  thiophenes. 

He  achieved  the  record  small  bandgap  by  suitable  substitution  of  our  1  eV  conduc¬ 
ting  polymer,  PITN,  and  processability  by  alkyl  and  alkanesulfonate  substitution  on  the 
thiophene  ring  of  polythiophenes. 

169. 

ORIEJTTATIONALLY  ORDERED  ELECTRO-OPTIC  MATERIALS.  K.D.  Singer,  J.  E.  Sohn. 

•mi  M.  6.  Kuzyk.  AT6T  Engineering  Research  Center,  P.  b.  Box  900, 

Princeton,  NJ  06540. 

Electro-optic  and  optical  parNWtric  interactions  in  materials  require 
that  the  material  be  non-centrosywetric.  this  has  load  to  a  great  deal 
of  research  in  growing  non-centrosymaetric  crystals.  However,  it  can  be 
shami  that  a  material  need  not  be  crystalline  to  be  non-centrosymmetric. 

Poled  liquid  crystals  and  polymer  glasses  belong  to  this  group.  Such 
goled  materials  incorporating  molecules  possessing  large  molecular 
tecond-order  nonlinear  optical  susceptibilities  have  been  shown  to 
possess  substantial  optical  nonlinearitics  in  tha  near-infrartd .  The 
Physical  mechanisms  underlying  poled  polymer  glasses  and  liquid  crystals 
mill  be  described,  end  recent  results  in  the  measurmaent  of  the  second- 
bermonic  and  electro-optic  coefficients  will  be  presented.  Also  discussed 
•111  be  Issues  relating  to  the  potential  device  applications  of  poled 
orientational ly  order ad  materials. 


I 
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180.  CONFORMATIONAL  TRANSITIONS  IN  POL YDlACFTYLENf  SOLUTIONS.  0.  G.  Peiffer,  T.  C. 

Chung,  0.  N.  Schulz,  P.  K.  Agarwal,  R.  T.  Garner,  M.  W.  Aim,  and  R ,  R .  Chance, 
Corporate  Research,  Fsson  Research  and  Engineering,  Annandale,  NJ  08801. 
touts  22  Eaet,  Clinton  Twp. 

Visible  absorption.  Infrared  absorption,  Raman,  nonlinear  optical,  ana  kinetic 
•easurements  are  ail  strongly  suggestive  of  a  single-chain  orlgtn  for  the  confor¬ 
mational  transitions  observed  for  polydiacetylenes  in  the  solution  phase,  polyARCMU  ana 
po1y38CMu  being  the  prototypical  eiamples.  Intramolecular  association  between  sub¬ 
stituent  groups  on  the  polydiacetylene  backbone  has  been  assigned  as  the  driving  force 
for  the  transition;  In  the  case  of  the  BCMU  polymers,  hydrogen  bonding  provides  the 
association  mechanism.  We  report  here  rheological  and  t Ime-temperature  dependent 
quisielastlc  light  scattering  measurements  for  potyABCMU  In  the  dilute-semidilute 
regime.  Light  scattering  measurements  during  the  coil-to-rod  transformation  {yellox- 
to-red  color  change)  demonstrate  that  dramatic  color  changes  take  place  without  any 
measurable  change  In  hydrodynamic  radius,  confirming  the  single-chain  origin  of  the 
conformational  change.  On  aging,  aggregation  Is  observed  as  an  order-of -magnitude 
Increase  In  hydrodynamic  radius.  A  parallel  series  of  experiments  on  po!y3BCMu  is  no- 
unde  rway. 


181.  ELECTRICALLY  CONDUCTIVE  POLYMERIC  MATERIALS  AND  NONLINEAR  OPTICAL  MATERIALS  BASED 
UPON  POLY(£-PH£NYLENEBENZOBISTHIAZOLE) ,  PBT.  P.  DePru ,  J.  C.  Gaudlallo,  J. 
cteeler,  D.  LI,  S.  H.  Carr,  M.  A.  Ratner,  and  T,  J,  Mark«,  Dept,  of  Chemlatry.  Dept,  of 
Nkterlala  Science  and  Engineering,  and  the  Material!  Raaearch  Canter,  Northwestern 
University,  Evanaton,  IL  60201. 

The  rigid-rod  ordered  polymer  poly(£-phenylenebeniobiathiatole) ,  PBT,  la  one  of  the 
atrongeat  and  moat  robuet  man-made  aubatancea.  In  thla  lecture,  me  dlacues  raaearch 
aimed  at  employing  the  unuaual  propertlee  of  PBT  to  produce  new  electrically  conductive 
polymere  and  to  produce  new  optical  materlala  with  highly  nonlinear  raaponae.  Strong, 
procaaaabla,  PBT-baaad  conductive  materlala  can  be  aynthealzed  by  "alloying"  PBT  with 
phthalocyanlne  molecular  metala.  We  report  on  the  mlcroatructure ,  charge  tranaport  char¬ 
acteristics,  thermal,  and  mechanical  propertlea  of  flbera  produced  from  auch  alloys.  In 
addition,  fllsu  of  pure  PBT  can  be  doped  electrochemlcally  to  produce  electrically  con¬ 
ductive  polymeric  auterlala.  The  electrochemical,  atructural,  optical,  and  charge  tran¬ 
aport  propertlea  of  these  films  are  discussed.  Finally,  PBT  can  be  employed  as  a  matrix 
in  "guest-host"  approaches  to  nonlinear  optical  materlala.  The  choice  of  host  material 
la  guided  by  highly  accurate,  computationally  efficient,  PPP  v-electron  calculations  of 
molecular  optical  nonllnearltlea. 


182.  THERMODYNAMIC  STUDY  OF  ELECTRON-HOLE  EQUILIBRIA  IN  ELECTROACTIVE  POLYMERS.  Howard 
Rales  and  Dal-uk  Kim,  Department  of  Chemistry  and  Biochemistry ,  University  of 
California,  Los  Angeles,  California  90024. 

The  equilibrium  distribution  of  an  electroactive  dopant  between  a  polymer  and  an 
external  phase  depends  on  the  "ionization  equilibria"  involving  electrons ,  holes ,  polaror' 
bipolarons,  etc.  within  Che  polymer.  Thla  is  amply  demonstrated  in  semiconductors.  Thus, 
thermodynamic  measuresMota  on  the  distribution  have  information  on  band  structure  and  me¬ 
chanisms  of  ionisation.  Furthermore  cheee  dice  ere  free  ot  complications  essocioteu  wt:. 
"interchain  hopping".  Wa  have  undertaken  euch  measurements  concurrent  with  conventional 
onaa,  for  tba  system  Iodine  vapor-polythiophene .  Reverelble  absorption  and  conductivity 
measurements  reveal  remarkable  phenomene,  including  (in  the  eaee  of  films)  a  sharp  discon¬ 
tinuity  to  saturation,  depending  only  on  total  pressure .  end  probably  of  electromechanical 
origin.  Its  explanation  may  involve  the  formation  of  Schottky  diode  between  the  film  and 
its  gold  substrata,  or  changes  accompanying  the  merging  of  filled  and  empty  blpolaron 
bands.  The  phenomenon  le  absent  in  free  (tending  polythiophene  powders.  The  absorption 
Isotherms  at  lew  iodine  pressures  reveal  information  on  electronic  equilibria. 


183.  POLED  PCLYIVDfYLTDENE  FLUORIDE)  AS  A  H36T  TOR  CHEST  MJf-UJCAR  OPTICAL 
WUEULES.  P  Per  tel  Is.  J  R  Hill  and  C  J  Davies,  British  Telecan 
Research  Laboratories,  MartTeawi  hteath,  Ipawlth,  IK  7HE,  Oil  ted  Kingdcm. 

Incorporating  gjest  non-linear  molecules  into  polymeric  hosts  is  n  attractive 
tacfnlcgje  aa  It  offer*  the  opportunity  of  utilising  highly  ren- linear  ^ecles 
vruen  mlffit  otherwise  crystallise  oar,  troeyemetrl  cell  y.  These  molecules 
retgul re  ordering  In  their  host  by  the  vpllcaticn  of  electric  fields  (poling). 
Often,  this  is  rot  achievable  owing  to  dielectric  breakdown  or  bulk 
ocndjctlvi ty .  However ,  It  la  knove-  from  our  earlier  piexoelectric  work  that  a 
ocgjolymer  of  vlrylldWTe  fliorlde  aid  trlfluoroethylene  can  auatain  intense 
electric  fields.  This,  together  with  the  ar-i ^-erylng  dipolar  ordering  of  the 
polymer  crystal  11  tee  tfiould  produce  a  host  material  with  a  stable,  high. 
Internal  res  I  ft  ml  electric  field.  Me  have  measured  Internal  fields  as  hijfi  as 
1.4  108  Vhv-1.  The  residual  field  tfvuld  then  aalntaln  the  alipmmnt  of  guest 
nen- linear  molecules  and  pnodjoe  a  stable  system.  Proceaelng  details  are 
glwi,  Including  film- forma tl<r  by  solvent  casting  «nd  oorena  poling.  Itesults 
<n  film  eharmcteriaatltn  are  also  Included. 


THURSDAY  AFTERNOON  -  SECTION  A  -  SYMPOSIUM  ON  ELECTEOACTIVE 
POLYMERS  -  COSPONSORED  WITH  THE  DIVISION  OF  POLYMER  CHEMISTRY 
(CONTINUED)  -  P.N.  Prasad,  Presiding 


1*0.  aECTRO-OFTIC  DEVICE  APPLICATIONS  OF  POLYMER  LIQUID  CRYSTALS.  Hgrry  J.  Coles. 

Liquid  Crystal  Group,  Ptiyslcs  Department,  The  University,  Manchester  Ml  3  9bl,  U.k. 

Over  the  pest  few  years  developments  In  polymer  synthesis  have  led  to  a  new 
dess  of  orlenteble  liquid  crystal  polymers  with  considerable  potential  for  electro- 
end  opto-optlc  device  applications.  These  polymers  have  flexible  or  saml-flexlble 
backbones  with  pendent  electro-active  side  chain  mesoqens.  In  this  talk  w*  will 
discuss  the  structural  features  that  lead  to  and  control  the  liquid  crystalline 
properties  of  such  polymers.  He  will  show  how  these  materials  may  be  aligned  In 
electrical  and  optical  fields  and  how  the  degree  of  alignment  Ky  be  reproduceably 
controlled  and  stored.  Experimental  data  from  light  scattering,  birefringence, 
dielectric  dispersion,  viscosity  and  electro-optic  response  time  measurements  will 
be  presented.  By  attaching  optically  anisotropic  dichrolc,  fluorescent  or  optically 
non  linear  side  groups  to  the  polymers  a  new  range  of  optical  phenomena  have  been 
recorded  and  these  will  be  discussed  in  terms  of  novel  device  applications. 


1*1.  NONLINEAR  AND  ELECTRO-OPTIC  ORGANIC  DEVICES.  R.  Lytel.  G.F .  Lipscomb,  and 
J.I.  Thackara,  Lockheed  Research  and  Developemnt  Division,  0/97-20,  B/202, 
3251  Hanover  Street,  Palo  Alto,  California  94304 

Organic  and  polymeric  materials  have  emerged  In  recent  years  as  a  promising 
class  of  nonlinear  optical  media  for  novel  device  applications.  The  nonresonant 
Interaction  of  light  with  the  pi-electron  system  In  certain  organic  materials 
leads  to  the  possibility  of  fabricating  faster,  more  efficient  devices  than  with 
inorganic  media.  Major  benefits  of  these  materials  include  large,  ultrafast 
susceptibilities,  low  X  dielectric  constants,  and  significant  structural  and 
optical  features,  such  as  architectural  flexibility  (films,  crystals),  high 
optical  damage  thresholds,  broadband  visible  response,  and  stability.  He  present 
an  overview  of  the  nonlinear  optics  of  select  organic  materials  at  picosecond 
time  scales  and  describe  recent  progress  In  the  fabrication  of  waveguide  electro¬ 
optic  devices  based  on  polymer  films- 


192.  NDN-L1HEAI  OPTICAL  PROCESSES  IN  OPTICAL  FIBRES  B.  R.  Mevsr .  British  Telecom 

Research  Laboratories,  Martleehem  Heath.  Ipswich  IPS  7IE,  United  kinfdow. 

Advances  in  the  developawnt  of  hifhlv  non-linear  organic  materials  have 
stimulated  interest  in  the  fabrication  of  optics!  parametric  devices.  Optical  fibres 
with  moe-linear  organic  crystalline  coraa  ar*  becoming  incraasingiv  popular  as  thev 
afford  protection  to  the  organic  coraa  and  have  the  advantage  of  uniform  dimensions 
for  pkaee-metching.  They  are  alto  compatible  with  silica  fibres.  The  fabrication 
process  involves  orientated  crystal  growth  from  the  malt  within  glass  capillaries 
A  mwibar  of  materials  have  bean  successfully  grown  in  capillariaa  with  2  urn  to  10  urn 
bora  diameters  and  upto  ICSes  lengths  for  single  mods  operation  At  the  netting, 
fabrication,  assessment  of  linear  aod  non-linear  optical  properties  of  crystal  cored 
Fibres,  and  device  deeign  constraints  will  be  discussed. 


193.  NDNLIRRAR  OPTICAL  l  ACCESSES  AND  APPLICATIONS  U  THE  NEAR  AMD  PAR  INFRARED 
RPECTRAL  EEC I ON  WITH  LIQUID  CRTSTALS ■  I .C.RBOO. Department  of  Electrical 
Engineering, Pan  nay Ivan la  Scats  University .University  Park, FA. 16002 

•emetic  liquid  crystals  are  generally  quite  transparent  throughout  tbe  Infrared 
rag  loo.  This  property, In  combination  with  their  axtraoly  large  room  lastperaturs 

optical  nonlinearity, end  our  recent  eucceea  In  fabricating  nlllUwter  thick  omtatlc 
fllm.aeke  them  excellent  candidate*  for  novel  nonlinear  optic*  application*.  In 
particular .optical  beam  and  image  amplications, optical  phase  conjugation  and  Intensity 
switching  processes  can  be  performed  with  relatively  low  power  CO.  and  CO  lasers.  I 
■UL1  discuss  the  theories  and  some  new  aspects  of  these  nonlinear  processes, the  roles 
played  by  the  liquid  crystal  films  and  recently  obtained  experimental  results. Special 
gesmetrlcal  and  optical  configuration*  governing  the  eucceea  of  these  processes, the 
geeer  tad  Intensity  requirements, response  time*  end  the  efficiencies  of  thee*  processes 
atU  alee  be  prea^ted. 


A  DU  DAY  NOSHING  -  SECTION  A  -  SYMPOSIUM  ON  ELZCTEQACTC7E  POLTMDLS 

-  COSPONSORED  WITH  THE  DITISION  OP  POLYMER  CHEMISTRY  (CONCLUDED) 

-  C.L.  laker,  Presiding 

101.  »SW  SWMTIC  ROUTES  FCR  NOVEL  OBCIKMCnVE  FXDBS.  J.  Bonop  and  L.  R.  Dalton, 
Caparownt  of  Chamiatry,  Uhlvarmlty  of  Southern  California,  Loa  Angelas,  ®  90089. 

A  aajor  inpaliwit  to  tha  application  of  ao-callad  'conducting  polymer* '  has  bean 
their  insolubility.  Mi  have  addressed  this  problmn  of  porooaeaibility  by  synthaaizing 
soluble  precursor  polyaer*  suefi  as  Durham  polyaoety lane  and  by  preparing  derive tried 
annn  which  whan  used  in  condensation  reactions  lead  to  soluble  electroactive  polymers. 
He  have  also  developed  sequential  synthesis  techniques,  including  the  use  of  blocking  and 
aid-capping  reagents,  which  have  pennittsd  preparation  of  polymers  of  definsd  chain 
length.  Control  of  chain  length  and  morphology  is  important  far  defining  the  mechanism 
of  nonlinear  optical  activity  and  electrical  ocnkrtlvity  and  for  optimizing  such  activity 
The  preparation  of  soluble  polymers  has  also  facilitated  poet  polymerization  deriva tui¬ 
tion,  copolymer  preparation,  and  aenpoaite  fabrication. 


102.  POLYOUINOLHC  RASE0  INTRINSIC  CONDUCTING  POLYMERS.  L.  Y.  Chlanq.  D.  C.  Johnston, 
end  J.  P.  Stokes,  Corporate  Reseerch  Lahoretory,  Exxon  Research  end  Engineering 
Cnepany,  Annenrtsle,  New  Jersey  08801  Route  22  East- 

A  series  of  quinoline  oligomers  ser*  synthesized  hy  a  novel  catalytic  dehydro¬ 
genitive  polymerization  of  tetrihydroqulnollne  using  rhenium  sulfide  *s  a  catalyst. 

The  vapour  phase  thermolysis  of  these  quinoline  oligomers  at  900  -  1000'C  yields  a  new 
class  nf  highly  Intrinsic  conducting  organic  polymer  film.  Roth  transmission  electron 
alcroscopy  end  powder  *-ray  diffraction  of  the  film  showed  an  amorphous  structureless 
appearence  without  any  obvious  evidence  for  graphitic  layer  structure.  These  films 
exhibit  a  conductivity  of  higher  than  400  S/cm  at  room  temperature  without  doping  and  a 
good  stability  under  ambient  condition.  The  conductivity  was  found  to  be  very  weakly 
teaperature  dependent,  as  1"  a  metal,  with  a  resistance  ratio  of  839  x/R8Qn  K  N“*'  t0 
only  1.41,  end  a  resistance  msximin  at  29  K.  We  report  also  the  results  from  the 
thermopower  measurements. 


203.  PROPERTIES  OF  LOW  SPIN  DENSITY  TRANS-POLYACETYLENE.  Gregory 
John  A  Shelburne  III.  end  Shaheb  Etemsd,  Bell  Communication! 
Research.  331  Newman  Spring!  Road,  Red  Bank  NJ  07701;  Ham  Thomann.  Exxon 
Rcaearch  and  Engineering,  Route  22.  Annandale.  N)  08801;  Lewis  Rothberg. 
ATRT  Bell  Laboratoriei,  600  Mountain  Avenue.  Murray  Hill.  NJ  07974. 

7>eax-polyaeetylcne  containing  an  order  of  magnitude  fewer  ipins  than  standard  temples  can 
be  prepared  by  a  modification  of  the  Shirakawa  procedure  for  polyacetylene  synthesis  This 
■aterial  la  identical  to  Shirakawa  rranr-polyacetylene  except  for  properties  which  depend 
apon  the  spin  density.  Magnetic  resonance  experiments  indicate  that  the  neutral  defects  in 
the  low  epin  material  are  chemically  identical  to  those  in  Shirakawa  samples,  yet  are 
immobile.  In  photomduecd  absorption  experiments,  spectral  features  observed  si 
■  icrosecond  time  delays  which  have  been  attributed  to  charged  solitons  are  found  to  be 
strongly  correlated  with  the  spin  density.  These  results  help  clarify  the  optical  and  magnetic 
properties  of  mmu-polyacotyiene. 


204.  TOWARDS  UNDERSTANDING  ENERGY  GAPS  OF  CONJUGATED  POLYMERS.  Hlkloe 
Eortaax  and  Y.S.  boo,  Doportaont  of  Ctieaiatry,  Georgetown 
Onlverelty,  Meehlngton,  DC  20057. 

The  electronic  structure  of  polyaere  with  aromatic  (A)  and  quinoid 
(0)  tons  are  reviewed  (polypyrrole,  poly-p-phenylene ,  polythlophenee, 
etc.)  based  on  recent  more  reliable  UNDO  polyaer  geoaetry  optimized 
total  energy  calculatlona .  Polythlophenee  with  bridging  -CPh-  groups 
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have  boon  found  by  Jonokhe  to  poasaas  aa  small  energy  gape  as  half  of 
that  of  polyacatylane  (-CH»CH-)  ,  pa.  it  is  found,  that  the  bond 
length  alternation  along  the  C-C  backbone  of  the  polymer  is  similar 
to,  but  Modified  relative  to,  that  of  PA.  The  presence  of  A  and  0 
groups  la  a  consequence  of  the  fact,  that  an  odd  number  of  -CP*  groups 
bridges  the  two  types  of  rings.  For  x*y  the  hetero-substitution  has 
no  significant  effect  on  the  gap,  if  needed  the  experimental  results 
can  be  described  well.  The  trends  for  the  case  of  x*y  and  several 
other  S  and  N  substituted  polymers  are  also  discussed. 


20} .  OFF  RESONANCE,  ELECTRONIC  x(3)  IN  CONJUGATED  POLYMERS 

Shahab  Bemad.  Francois  Kajxar*  and  Gregory  L  Baker, 

Iten  Coaununjcations  Research.  Rad  Bank,  NJ  07701. 

*  Abo  SI  CEA-IRDA,  CEN/Saday, 91191  Gifiur- Yvette,  France. 

Recently  are  reported  the  Gnt  quantitative  meaaununent  of  g*3'  in  polyicetylene  through  the  third  harmonic 
generation  technique.  We  found  the  magnitude  of  g*33  in  the  transparent  gap  region  is  in  excess  of  10'9  eju  and 
discovered  the  two-photon  absorption  band  at  1J  »m.  We  fotad  both  the  magnitude  and  the  spectrum  of  g'3'  to  be 
in  agreement  with  the  predictioos  of  free  electron  bud  picture  Whereas  the  large  value  of  g(3)  in  polyacetylene  has 
subsequently  been  ooofinaed,  alternative  theory  based  on  the  expected  strong  electron- phonon  coupling  has  been 
invoked  in  order  So  explain  the  result  In  this  work  we  peaent  new  measurements  from  both  polyacetylene  thin  films 
and  tingle  crystals  of  pdydiacetyiene  (PTS1  We  have  extended  the  long  wavelength  limit  of  our  previous  report  upto 
about  4  an  with  the  hope  of  reaching  the  true  off  resonance  limit  for  both  the  fundamental  and  the  third  harmonic 
These  results  win  be  discussed  is  an  effort  to  determine  the  origin  of  the  large  g'3'  in  conjugated  polymers 


206.  ELECTROCHEM I STRY  OF  POLYANILINE.  Walter  W.  fockc  and  Cary  Untie.  Department  of 

Hatarlals  Science  4  Engineering,  Massachusetts  Institute  of  Technology,  Cambridge, 
HA  02139. 

The  conductivity  end  electrochemical  behavior  of  alactrocheulcally  synthesised 
polyanlllne  films.  In  contact  with  aqueous  alectrolytaa ,  were  studied  in  the  range 
0.4  <  pH  <  6.  Cyclic  voltemnetry  data  indicate  the  presence  of  three  redox  processes. 
The  positions  of  the  oxidation  and  raductlon  peaks  were  found  to  vary  with  scan  rate. 
Ratlnatee  lot  formal  potentials  were  obtained  by  extrapolation  to  aero  scan  rate.  For 
the  first  redos  process,  the  formal  potential  (Ej  >  0.05  V  va  SCE),  la  independent  of  pH. 
The  formal  potentials  for  the  second  and  third  redox  processes  shift  to  sore  cathodic 
potentials  at  rates  between  80  and  120  aV/pH.  The  cnnductlvlty ,  at  a  given  pH,  shows  a 
meelmun  at  a  potantlal  roughly  halfway  batween  the  formal  potentials  of  the  first  and 
second  redox  processes.  This  optima  potential  shifts  to  sort  cathodic  potentials  at  a 
rate  of  *70  nV/pH.  Potent lonetrlc  titration  date  ehow  that  the  locus  of  optlaun 
potential  does  not  correspond  to  a  unique  redox  state  of  the  polymer .  The  Implications 
of  those  observations  os  the  conductivity  oeehanlan  In  polyanlllne  will  be  discussed. 


207.  f PECnD-RLSCTROOlEXl CAL  STUDY  OF  POLYAK UNE .  R.  J.  Cushmn.  S.  C.  Yang  end 

F.  M.  McManus ,  Department  of  Chemistry,  University  of  Rhode  Island,  Kingston,  RX 
02881 

Optical  absorption  apactra  of  polyanlllne  In  the  visible,  near  IR  and  IR  spectral 
regions  wore  measured  with  In-sltu  control  of  cho  electrochemical  potential.  The  elec- 
troche  mice  11 y  Induced  electronic  structural  chengae  of  polyanlllne  were  foimd  to  be 
strongly  dopaodaat  on  the  aatent  of  procooetlon  at  the  nitrogen  atoa  sites.  In-sltu  IR 
and  Raman  apactra  provide  Information  about  the  bonding  and  conformational  changes  when 
the  electronic  structure  la  witched.  We  will  dlecuea  the  relation  between  cbe  protonic 
acid  doping  end  the  electrochemical  doping  of  polyanil Inn . 

Bm  electrical  conductivity  switching  and  the  electrode  activity  changes  of  thin 
film  polyanlllne  la  correlated  with  the  apectro-eleccrochealcelly  determined  transforma¬ 
tions. 


Support  by  RSF  Grant  CB-8216412  In  acknowledged. 
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201.  CUCTBOCB&aLOMINESCEHCI  AND  OOMDDCTION  AT  CREMICALLT  MODIFIED  MIC10ELECTH0DE 

AOAYS.  C.l.  Cabrera,  H.D.  Abruna.  Department  of  Chamlatry,  Cornell  University, 
Ithaca,  MY  1**53.  " 

Electrochamilumineacacca  and  redox  conduction  atudelaa  at  autfaca  nod If lad  nicro- 
alactroda  arraya  will  ba  praaanttd.  Ha  hava  prepared,  via  alactron  ba an  micro- 
fabrication  tacnlquaa,  mlcroalactroda  arraya  with  four  platinum  alactrodoe  that  arc 
Mam  lent,  0.5  jam  In  width  with  a  l.Optm  intaralactroda  apaclng. 

'  The  arraya  ware  modified  with  alactropolymaritad  layara  of  (n(v-bpy)j)2t 
(m-fc,  Xu,  On;  v-bpy  la  *-vlnyl  4'mathyl  2,2’blpyridlna) .  Elactrochamilumlnaacanca  waa 
obaarvad  for  alactrodaa  modified  with  the  ruthenium  polymer,  tadox  conduction  atudlaa 
were  carried  out  on  homo  polymer  and  on  copolymer  fllma. 


209.  synthesis  AMD  conductivity  or  polymeric  transition  metal  complexes 

COORDINATED  BY  DIAMINOBENZENEDITHIOL.  Qh-Kll  Rim.  David  McDermott 
and  Teong  Tmai,  Nava^^m— rch  Laboratory,  Nashington,  D.  C.  20375-5000 

Linear  coordination  polymera  of  transition  natal a  were  prepared  from 
metal  (II)  halides  and  a  tetradsntata  ligand,  l,4-diomino-2,5- 
benzenedithiol ,  under  aqueous  alkaline  conditions  free  of  oxygen.  The 
resulting  polymeric  metal  complexes  are  black-colored  insoluble  powders. 
The  stoichiometry  of  the  metal  relative  to  the  ligand  is  1.25  -  1.50.  The 
X-ray  diffraction  shows  these  metal-conplexed  polymers  to  be  crystalline 
and  their  diffraction  patterns  are  almost  all  identical,  while  their  peak 
positions  ere  shifted  to  higher  diffraction  angles  as  their  electrical 
conductivity  increases.  The  room  temperature  conductivity  of  compaction 
samples  of  the  complexed  polymers  is  highest  with  the  Co-complex 
(2.1  X  10-1  S/cm)  end  is  least  with  the  Ni-cosplex  (1.9  X  lcr®  s/cm) . 

Those  of  Fe-  and  Cu-conplexee  are  1.0  X  10~2  and  5.4  X  10“*  S/cm, 
respectively.  These  metal-cosplexed  polymers  exhibited  paramagnetic 
behavior,  and  the  polymer  conductivity  was  found  to  be  proportional  to  the 
spin  density  and  linewidth  of  ESR  spectra. 
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